The series of homoleptic lanthanide(II) ''bent sandwich-like'' hydro-tris(pyrazolyl)borate complexes Ln (Tp iPr2 ) 2 (Ln = Sm (1), Eu (2), Tm (3), Yb (4); Tp iPr2 = hydro-tris(3,5-diisopropylpyrazolyl)borate) has been completed by the synthesis of the hitherto unknown europium and ytterbium derivatives 2 and 4. Both compounds were prepared in high yields by treatment of LnI 2 (THF) 2 (Ln = Eu, Yb) with 2 equiv. of KTp iPr2 in a THF solution.
(Ln = Sm (1), Eu (2), Tm (3), Yb (4); Tp iPr2 = hydro-tris(3,5-diisopropylpyrazolyl)borate) has been completed by the synthesis of the hitherto unknown europium and ytterbium derivatives 2 and 4. Both compounds were prepared in high yields by treatment of LnI 2 (THF) 2 (Ln = Eu, Yb) with 2 equiv. of KTp iPr2 in a THF solution.
Although the molecules are sterically highly congested, an X-ray diffraction study of bright red 4 revealed a similar bent B-Yb-B arrangement (151.11 and 153.91, two independent molecules) as in the previously investigated Sm(II) and Tm(II) complexes 1 and 3. An initial reactivity study showed a very different behavior with acetonitrile. While 2 and 4 proved to be unreactive toward acetonitrile, the more strongly reducing Sm(II) complex 1 yielded two new products. The major product was the dark green-black acetonitrile solvate 3 and still today novel reactions of decamethylsamarocene are being uncovered. 4 A fascinating structural feature of the unsolvated lanthanide sandwich complexes Ln(C 5 Me 5 ) 2 (Ln = Sm, Eu, Yb) is their bent metallocene structure in the solid state. This opens up the coordination sphere of the central lanthanide(II) ions and accounts for the high reactivity of these compounds. Various theoretical and spectroscopic studies have been carried out to fully understand the nature of this unexpected deviation from the normal linear sandwich structure (Scheme 1(a)). It is now generally accepted, based on computational studies, that the unusual bent sandwich structure of Ln(C 5 Me 5 ) 2 (Ln = Sm, Eu, Yb) is the result of attractive dispersion/van der Waals interactions.
5
Trofimenko's hydro-tris(pyrazolyl)borate ligands (''scorpionates'') have proven to be useful alternatives to the omnipresent cyclopentadienyl ligands. 6, 7 Like the cyclopentadienyls, these tridentate, monoanionic ligands can also be greatly varied in their steric bulk ) 2 (Ln = Sm, Eu, Yb) have been found to adopt a highly symmetrical, trigonal antiprismatic molecular structure comprising a linear BÁ Á ÁLnÁ Á ÁB arrangement (Scheme 1(b)). [8] [9] [10] [11] Apparently, this ''sandwich-like'' structure of
Ln(Tp

Me2
) 2 is the result of the much larger cone angle of Tp
(2391) as compared to the C 5 Me 5 ligand with 1421. 12 Most recently, these studies have been extended to the even larger hydro-tris-(3,5-diisopropylpyrazolyl)borate ligand (Tp   iPr2   ) . 13 It was possible to isolate homoleptic complexes of this ligand with divalent samarium and thulium. 14 Rather surprisingly, crystal structure determinations revealed a ''bent sandwich-like'' molecular structure like Ln(C 5 Me 5 ) 2 as shown in Scheme 1 (c) . Computational studies indicated that steric repulsion between the isopropyl groups forces the Tp iPr2 ligands apart and permits the formation of unusual interligand C-HÁ Á ÁN hydrogen-bonding interactions that help stabilizing the structure. 
Results and discussion
Synthesis and reactivity
The title compounds were prepared following the synthetic route outlined in Scheme 2. Similar to the recently reported preparation of the samarium(II) and thulium(II) derivatives 1 and 3, 14 reactions of EuI 2 (THF) 2 and YbI 2 (THF) 2 with 2 equiv. of KTp iPr2 were carried out in THF solutions at room temperature.
Both reactions were accompanied by striking color changes to ''neon-yellow'' (Eu) or bright red (Yb), respectively, and formation of a white precipitate (KI). After removal of the potassium iodide by-product through filtration, the products could be readily extracted with n-pentane. Recrystallization from very concentrated solutions in n-pentane at À20 1C for 24 The recent structural characterization of 1 and its thulium congener 3 had already shown that these ''bent sandwich-like'' molecules are sterically highly congested. Thus for an initial reactivity study, the reagent acetonitrile was chosen in order to find out if a small, rod-like molecule such as CH 3 CN could enter the coordination sphere and bind to the central Ln 2+ ions in 1-4. Surprisingly, no reaction with acetonitrile was observed (Ln = Sm (1), Tm (3)).
14 for the europium and ytterbium complexes 2 and 4 even upon slight warming. Both complexes produced clear solutions in dry acetonitrile, from which they could be recovered unchanged by evaporation or cooling. In fact, acetonitrile appears to be a suitable solvent for recrystallizing bulk samples of 2 and 4. This is not the case for the Sm(II) and Tm(II) complexes 1 and 3. Unexpectedly, and curiously the Sm(II) complex is virtually insoluble in acetonitrile. Addition of acetonitrile to solid 1 produces an almost colorless supernatant and a very dark green, almost black solid. The latter was shown to be unchanged Sm(Tp to be the pyrazabole derivative [HB (3,5-i Pr 2 pz)] 2 (7) . No thuliumcontaining product could be isolated. Scheme 3 summarizes the results of this initial reactivity study of 1-4 toward acetonitrile.
X-ray crystallography
The new compounds 4-6 were structurally authenticated through single-crystal X-ray diffraction. Bright red X-ray quality single-crystals of 4 were obtained by cooling a very concentrated solution in n-pentane to À20 1C, whereas single crystals of both 5 (green) and 6 (colorless) were obtained from the reaction of 1 with acetonitrile in diethyl ether according to Scheme 3. The single-crystals of 4 were found to contain one molecule of n-pentane per formula unit. Crystallographic data of 4-6 are listed in Table 1 . The molecular structure of the Yb complex, with numbering scheme, is shown in Fig. 1 . Just like the Sm and Tm compounds 1 and 3, the ytterbium(II) complex Yb(Tp iPr2 ) 2 also exhibits the ''bent sandwich-like'' geometry, and indeed the compound is isomorphous with the Tm analogue and contains two independent molecules per asymmetric unit. The B-Yb-N angles in the two independent molecules are 151. 11 Fig. 2 , and Fig. 3 shows the packing diagram. The lattice acetonitrile is just a solvate as the distance between Sm and N1S is over 6 Å, thus there is no bonding contact between Sm and NCCH 3 molecule. As opposed to the crystals obtained from pentane, in this case there is only one molecule per asymmetric unit. Nevertheless, the geometry is still ''bent sandwich-like'' and the B1-Sm-B2 angle of 151.19(5)1 is very similar to the 150.11 in the previously reported structure of Sm II (Tp   iPr2 ) 2 , 14 demonstrating once again that the bent geometry is an inherent molecular feature of all divalent Ln(Tp iPr2 ) 2 complexes and is not due to crystal packing effects. However, the latter may have some subtle effect since the Sm-N32 distance of 2.735(2) Å is longer that the 2.655(6) Å seen before and the torsion angle of this pyrazolyl moiety is also large, Sm-N32-N31-B1 = 62.4(2)1, as opposed to the 201 average observed before. 14 The molecular structure of the oxidized product (Tp iPr2 )Sm-(3,5-i Pr 2 Pz) 2 (NCCH 3 ) (6) is shown in Fig. 4 , with important bond distances and angles also listed in the figure caption. 
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The coordination sphere of the Sm(III) center is defined by a classical k 
Luminescence study of Eu(Tp iPr2 ) 2 (2)
In general, the luminescence behaviour of divalent lanthanides is very different compared to that of the trivalent ones due to two main reasons. On the one hand, the position of the excited 4f nÀ1 5d 1 states relative to the 4f n ground state is strongly influenced by the environment and, thus, variable over a wide spectral range. On the other hand, the respective 4f n 2 4f nÀ1 5d 1 transitions are parity allowed leading to an intense emission in the most cases. 18 Due to these advantages the most stable divalent ion, Eu
2+
, is mostly used in modern materials for applications, like LED phosphors, displays and medical markers. 19 ) 2 (2) shows extremely bright yellowishgreen luminescence upon UV irradiation at room temperature in the solid state as well as in n-pentane solution, which can be also observed by daylight-excitation (Fig. 5 ). Fig. 6 shows the luminescence of solid 2 under UV light.
The photoluminescence emission and excitation spectra of this compound are depicted in Fig. 7 . The shape and position are typical for Eu(II) photoluminescence, so that it is obvious that Eu 2+ is the only emitting species. The broad (FWHM = 2245 cm À1 ) slightly asymmetric emission band ) 2 (2). The p -p* transitions of the pyrazole units leading to a LMCT are typically located in the range of 220 nm and thus beyond the range of measureable wavelengths of the used spectrometer. 24 The photoluminescence excitation spectrum reveals the presence of a raw fine structure that is characteristic for the 7 F J levels arising from the 4f 6 21 where a large degree of rigidity can be assumed too.
Conclusions
In summarizing the work reported here, the series of homoleptic lanthanide(II) hydro-tris(pyrazolyl)borate complexes Ln (Tp   iPr2 ) 2 (Ln = Sm (1), Eu (2), Tm (3), Yb (4); Tp iPr2 = hydrotris(3,5-diisopropylpyrazolyl)borate) has been completed by the high-yield synthesis of the hitherto unknown europium and ytterbium derivatives 2 and 4. A single crystal X-ray diffraction study of the ytterbium(II) derivative 4 revealed the same ''bent sandwich-like'' structure as was previously found for the Sm and Tm compounds 1 and 3. This finding confirmed that the bent geometry is an inherent structural feature of the Ln(Tp demonstrate that there is an intricate balance between stability and reactivity of such homoleptic lanthanide(II) tris(pyrazolyl 
Experimental section
General procedures
All operations were performed with rigorous exclusion of air and water in oven-dried or flame-dried glassware under an inert atmosphere of dry argon, employing standard Schlenk, highvacuum and glovebox techniques (MBraun MBLab; o1 ppm O 2 , o1 ppm H 2 O or Vacuum Atmosphere, model HE-553-2). THF, diethyl ether, and n-pentane were dried over sodium/ benzophenone and freshly distilled under nitrogen atmosphere prior to use. Acetonitrile was dried over calcium hydride. All glassware was oven-dried at 120 1C for at least 24 h, assembled while hot and cooled under high vacuum prior to use. THF solvates of the three lanthanide diiodides, LnI 2 (THF) 2 , were prepared from the rare-earth metal powders and 1,2-diiodoethane in THF according to a well-established method by Kagan. 26 The starting material KTp iPr2 was obtained through a melt reaction between KBH 4 and 3 equiv. of 3,5-diisopropylpyrazole at 260 1C according to the method published by Kitajima et al. 13 The NMR spectra were recorded in C 6 D 6 or ) 2 (1) produced an almost colorless supernatant and a dark green, almost black solid (unchanged Sm(II)). The supernatant was pipetted off and the solid dissolved in Et 2 O to give a very dark green solution, to which acetonitrile was again added. An attempt to grow crystals by cooling at À30 1C was unsuccessful. The dark green solution was left to slowly evaporate at RT, and overnight deposited a mixture of dark green and colorless crystals. The supernatant was removed and the mixture of crystals briefly dried. From this mixture a dark green and a colorless crystal were selected and, by X-ray diffraction, were shown to be complexes 5 and 6, respectively.
X-ray crystallographic studies of 4-6
The intensity data of 4 were registered on an Oxford Diffraction Nova A diffractometer using mirror-focussed CuK a radiation. Absorption correction was applied using the multi-scan method. The structure was solved by direct methods (SHELXS-97) 27a and refined by full matrix least-squares methods on F 2 using SHELXL-97. 27b Intensity data for 5 and 6 were collected on a Bruker D8/APEX II CCD diffractometer using graphitemonochromated MoK a radiation. Programs for diffractometer operation, data collection, data reduction and absorption correction were those supplied by Bruker. Absorption corrections were applied using the Gaussian integration (face-indexed) method. The structures were solved and refined using the programs SHELXT and SHELXL-2013. 28 Data collection parameters for 4-6 are given in Table 1 .
